To assess the feasibility, safety, and outcome of laparoscopic liver resection for malignant liver tumors.
Objective
To assess the feasibility, safety, and outcome of laparoscopic liver resection for malignant liver tumors.
Summary Background Data
The precise role of laparoscopy in resection of liver malignancies (hepatocellular carcinoma [HCC] and liver metastases) remains controversial despite an increasing number of publications reporting laparoscopic resection of benign liver tumors.
Methods
A retrospective study was performed in 11 surgical centers in Europe regarding their experience with laparoscopic resection of liver malignancies. Detailed questionnaires were sent to each surgeon focusing on patient characteristics, clinical data, type and characteristics of the tumor, technical details of the operation, and early and late clinical outcome. All patients had radiologic investigations at follow-up to exclude disease recurrence.
Results
From February 1994 to December 2000, 37 patients with malignant liver tumors were included in this study. Ten patients had HCC, including 9 with cirrhotic liver, and 27 patients had liver metastases. The mean tumor size was 3.3 cm, and 89% of the tumors were located in the left lobe or in the anterior segments of the right liver. Liver procedures included 12 wedge resections, 9 segmentectomies, 14 bisegmentectomies (including 13 left lateral segmentectomies), and 2 major hepatectomies. The transfusion rate, the use of pedicular clamping, the conversion rate (13.5% in the whole series), and the complication rate were significantly greater in patients with HCC. There were no deaths. Postoperative complications occurred in eight patients (22%). The surgical margin was less than 1 cm in 30% of the patients. During a mean follow-up of 14 months, the 2-year disease-free survival was 44% for patients with HCC and 53% for patients having hepatic metastases from colorectal cancer. No port-site metastases were observed during follow-up.
Conclusions
In patients with small malignant tumors, located in the left lateral segments or in the anterior segments of the right liver, laparoscopic resection is feasible and safe. The complication rate is low, except in patients with HCC on cirrhotic liver. By using laparoscopic ultrasound, a 1-cm free surgical margin should be routinely obtained. The late outcome needs to be evaluated in expert centers.
Since the event of laparoscopic cholecystectomy, 1 minimally invasive surgery has been applied to solid organs such as the spleen, 2 kidney, 3 adrenal glands, 4 and more recently the liver. [5] [6] [7] [8] The first anatomic liver resection was reported by Azagra et al 9 in 1996; they performed a left lateral segmentectomy. An increasing number of publications have been reported concerning laparoscopic treatment of benign liver tumors by resection 10 -14 or local ablation. 15, 16 However, laparoscopic resection of liver malignancies remains controversial. 17 Indeed, the usual benefits of minimally invasive therapy (e.g., cosmetic aspect, rapid recovery, short postoperative hospital stay) are challenged by the para-mount oncologic objective, which is the long-term diseasefree survival. Similar to the situation in other gastrointestinal malignancies, 18 there are also concerns regarding potential tumor cell exfoliation and port-site metastases during laparoscopic procedures. The purpose of the present study was to analyze the feasibility, safety, and late outcome of patients undergoing laparoscopic resection for liver malignancies in a multicenter setting.
METHODS
From February 1994 to December 2000, 37 patients with malignant liver tumors were included in this study. The mean age of the patients was 62 years (median 64, range 38 -79), and 57% of the patients were female. Five patients (13%) were classified according to the American Society of Anesthesiologists physical status score (ASA) as ASA III. 19 There were 10 patients with hepatocellular carcinoma (HCC); among them, 9 patients had liver cirrhosis (Child-Pugh A, n ϭ 5; Child-Pugh B, n ϭ 4) ( Fig. 1 ). Twentyseven patients had liver metastases, from colorectal origin in 12 patients, from a neuroendocrine primary tumor in 5 patients, from primary breast cancer in 5 patients, and from various primary malignancies in 5 other patients (pulmonary cancer, n ϭ 2; ovarian cancer, n ϭ 1; gastric cancer, n ϭ 1; pancreatic cancer, n ϭ 1). 9) had their tumor incidentally discovered during laparoscopic cholecystectomy.
The tumor was unique in 27 patients and multiple in 5 (two tumors in 3 patients and four tumors in 2 patients). Five other patients had multiple (Ն10) bilobar liver metastases. The mean size of the resected tumor was 3.3 cm (median 3; range 1-6). The distribution of segmental location of the tumor according to the Couinaud classification 20 is shown in Table 1 . Most of these tumors were superficial (Ͻ1 cm from the liver surface). Fifteen of the 16 patients with deep tumors had tumors in the left lateral segments of the liver.
Laparoscopic liver resection was performed with the patient in the supine position. Pneumoperitoneum with carbon dioxide was used. Abdominal pressure was monitored and maintained at less than 15 mm Hg. Pneumoperitoneum was performed in 34 patients (92%) with the Veress needle. Abdominal lift technique was not used. The mean number of trocars was five (median 5; range 3-6). Tumor location was explored visually in all patients and by laparoscopic ultrasound in 24 patients (65%). Liver parenchymal transection was performed using crushing forceps in 15 patients (40%), hook coagulator in 9 patients (24%), harmonic shears in 13 patients (35%), stapling device in 10 patients (27%), and ultrasonic dissector in 8 patients (22%). Intraparenchymal vascular control was obtained by monopolar cautery in 5 patients (13%), intraperitoneal ligation in 1 patient (3%), harmonic shears in 2 patients (6%), clips in 29 patients (78%), and an Endostapler in 16 patients (43%), including 12 patients (75%) undergoing left lateral segmentectomy or major hepatectomy. An atraumatic Lucane liver clamp was used in two patients (6%). 13 Hemostasis of the transection line was obtained in 22 patients by monopolar cautery (30%), by harmonic shears in 1 patient (3%), by argon beam coagulator in 8 patients (22%), by hemostatic swabs in 2 patients (6%), and by fibrin glue in 6 patients (16%). Control of biliary leak at the liver surface was assessed by inspection in all cases or by intraoperative cholangiography in four patients (11%). Extraction of the surgical specimen was always performed using an Endobag, through an enlarged trocar site in 27 patients (73%), through a minilaparotomy in 5 patients (13.5%), or by conversion to an open approach in 5 patients (13.5%).
Peritoneal drainage was used in 34 patients (92%). Evaluation criteria included type and details of the operative procedure; early postoperative course, including complications and reoperation rate; postoperative hospital stay; and late outcome, including disease recurrence. Postoperative death and complications were assessed at a postoperative delay of 2 months. All patients had radiologic investigations at follow-up to exclude disease recurrence (by ultrasound in 7 patients, computed tomography in 29 patients, and magnetic resonance imaging in 4 patients).
Statistical analysis included the chi-square test or Student t test when indicated. Survival curves were calculated according to the Kaplan-Meier method. Actuarial survival was calculated only in the group of patients undergoing a resection with curative intent.
RESULTS
According to the Goldsmith and Woodburne classification, 21 the type of liver resection is shown in Table 1 . A case of wedge resection for colorectal liver metastase is illustrated in figure 2. One patient underwent a double resection, including left lateral segmentectomy and removal of seg-ment 8. Hand-assisted hepatectomy was used in three patients (8%), including one case of segmentectomy 7, one case of left lateral segmentectomy, and one case of right hepatic lobectomy. Excluding the 10 patients with incidental detection during laparoscopic cholecystectomy, another associated laparoscopic procedure was performed in seven patients (19%), including cholecystectomy (n ϭ 2), adrenalectomy (n ϭ 1), colectomy (n ϭ 1) ( Fig. 3 ), pancreatic biopsy (n ϭ 1), and radiofrequency ablation of a second liver metastasis (n ϭ 2). Portal triad clamping was used in six patients (16%); it was unilateral in one patient and total in five patients. The mean duration of portal triad clamping was 31 minutes (median 31; range . This maneuver was used for right hepatic lobectomy (one patient), left Perioperative complications included bleeding in five patients (13.5%), from the liver parenchyma (n ϭ 3), left portal vein (n ϭ 1), and splenic laceration (n ϭ 1). Perioperative bleeding required conversion in four of these patients (80%). In another patient, already reported by Descottes et al, 13 the procedure was converted to an open approach because of presumed invasion of the surgical margin during the resection of an HCC; this feature was not confirmed at laparotomy. Perioperative and postoperative blood transfusion was required in six patients (16%), and the incidence of transfusion was greater in HCC patients (4/10 [40%]) compared with patients with liver metastases (2/27 [7%]) (P ϭ .035). Five patients (13.5%) had a blood transfusion volume greater than 500 mL. Among these patients, the hepatic procedures included segmentectomy 5 (two patients), left lateral segmentectomy (one patient), bisegmentectomy 5 and 6 (one patient), and right hepatic lobectomy (one patient).
There were no deaths in this series. Postoperative complications and reoperation rates are shown in Table 2 . The occurrence of left bile duct stricture in a patient undergoing laparoscopic right hepatic lobectomy is illustrated in figure  4 . The mean postoperative hospital stay was 7 days (median 6; range 2-16). The postoperative hospital stay was significantly affected by the type of liver tumor and by the extent of liver resection. The mean stay in HCC patients was 10 days (median 10, range 6 -16); in patients with liver metastases it was 6 days (median 6, range 2-16) (P ϭ .02). The mean stay was 8 days (median 7, range 3-16) when more than one liver segment was resected and 6 days (median 5.7, range 2-10) when less than one liver segment was resected (P ϭ .04).
A liver resection with "an intent to cure" was performed in 25 patients (10 patients with HCC, 15 with liver metastases). A diagnostic "noncurative" resection was performed in 12 patients with liver metastases (colorectal, 2; neuroendocrine, 4; others, 6) as a result of bilobar and multiple distribution in 8 patients, presence of extrahepatic disease in 1 patient, and incidental laparoscopic discovery of unknown visible metastases in 3 patients with incomplete liver workup.
At pathologic examination, the transection line was invaded in 1 (6.7%) of the 15 patients with liver metastases operated on with an intent to cure. The surgical margin was less than 1 cm in three patients with HCC (30%) and in Laparoscopic Resection of Liver Malignancies three patients with liver metastases (20%); among them two patients presented with local recurrence at the transection line during oncology follow-up. The incidence of invaded or less-than-1-cm surgical margin was more frequent when laparoscopic ultrasound was omitted (3/5 patients [60%]) than when laparoscopic ultrasound was used (4/20 patients [20%]), but the difference was not statistically significant.
In the 12 patients with colorectal liver metastases, adjuvant chemotherapy was used in 8 (67%). In the five patients with neuroendocrine liver metastases, two underwent surgical resection of the primary endocrine tumor (pancreatoduodenectomy and left pancreatectomy in one patient each), one patient underwent metabolic radiotherapy, one patient received chemotherapy based on streptozocin, and two patients were treated with long-acting subcutaneous somatostatin analogs. Three of the five patients with breast liver metastases and two of the five patients with liver metastases from various origins were treated with adjuvant chemotherapy.
The mean follow-up in the whole series was 14 months (median 12; range 2-72). Details of patient status at follow-up are shown in Table 3 . In the patients with HCC, the mean follow-up was 15 months (median 12; range 4 -26); four patients are alive without recurrence, one patient died without recurrence as a result of rupture of esophageal varices, two patients died of liver recurrence, and two patients are alive with liver recurrence, treated by arterial chemoembolization in one patient. In the patients with HCC, the overall and disease-free survival rates were 83.3% and 58.3% at 1 year and 62.5% and 43.7% at 2 years, respectively.
In the 10 patients with liver metastases undergoing a curative resection, the mean follow-up was 19 months (median 16; range 2-72); six patients are alive without recurrence and four patients are alive with recurrent disease, treated by chemotherapy in three patients and additional laparoscopic radiofrequency ablation in one patient. In patients with colorectal liver metastases resected with an intent to cure, the overall and disease-free survival rates were 100% and 100% at 1 year and 100% and 53.3% at 2 years, respectively. For the five patients with neuroendocrine liver metastases, three patients undergoing diagnostic resection died with disease persisting at a mean delay of 17 months (median 18; range [12] [13] [14] [15] [16] [17] [18] [19] [20] . The two remaining patients are alive without recurrence at 12 and 30 months respectively after surgery. Of four patients undergoing diagnostic resection (out of five patients with breast liver metastases), two died of disease persistence at 6 and 18 months; two patients are alive with recurrence at 5 and 12 months after surgery. The last patient with curative resection is alive without recurrence 2 months after surgery. Of the patients with liver metastases of various origin, four patients are alive without recurrence at 2, 12, 12, and 12 months; the last patient resected with a diagnostic intent died of disease persistence 4 months after surgery.
DISCUSSION
The application of minimally invasive surgery to liver malignancies remains controversial. Indeed, the functional postoperative advantages of minimally invasive surgery, as reported in benign gastrointestinal conditions, 22, 23 differ from those involving the treatment of malignant diseases. In these circumstances, the paramount criteria of evaluation are 5-and 10-year disease-free survival rates. Up to now, none of the rare articles reporting limited experience with laparoscopic resection of HCC 6,13,14,24 -34 or liver metastases 5, 7, 8, 10, 11, 13, 14, 27, 31, [33] [34] [35] [36] [37] provided information concerning the late outcome of such patients. The problems of tumor cell seeding and port-site metastases have been addressed by several reports involving laparoscopic treatment of other types of gastrointestinal malignancies. 18 Information regarding these concerns about laparoscopic resection of liver malignancies remains inconclusive because of the limited number of reported patients. In laparoscopic resection for liver malignancies, the same oncologic rules should be applied as in open surgery, including "no-touch" technique, R 0 radical resection, and achievement of a 1-cm free surgical margin. 38, 39 Indeed, late survival of those patients has been correlated with the surgical margin, either in patients with HCC 38 or in those with colorectal liver metastases. 39 Although the 1-cm tumor-free resection margin has been recently challenged, 40 the achievement of a tumor-free surgical margin needs to be the key purpose of any laparoscopic procedure for resection of liver malignancy. Our multicentric series showed that during laparoscopic resection, one third of our patients did not meet this requirement. This fact is clearly related to the lack of digital palpation during the laparoscopic approach. This limitation was encountered in a series of limited liver resections for small and superficial tumors, and this insufficiency should be solved by the routine use of laparoscopic contact ultrasonography, which will allow determination of the precise location of liver transection in relation to the tumor margin. In fact, a lower incidence of insufficient surgical margin was observed in our series in the subgroup of patients in whom laparoscopic ultrasound was used. Although the difference was not statistically significant, we believe, as do others, 41, 42 that laparoscopic ultrasound provides the surgeon with a strategic addition in the treatment of patients with liver malignancy.
The laparoscopic approach probably is indicated in only a few patients with malignant liver diseases. Indeed, large tumors (deeply sited or posteriorly located in the right hepatic lobe) and tumors close to the portal bifurcation or the suprahepatic junction should not be considered for laparoscopic resection. Tumor selection in this series concerned small, superficial, or peripheral lesions, essentially located in the left lateral segment of the liver (segments 2 and 3) or in the anterior segments of the right liver, including the anterior part of the segment 4, 5, and 6.
Fong et al 33 have reported other limitations of laparoscopic management of liver tumors, such as difficulty of identifying tumor margins, difficulty in liver mobilization, and the presence of dense adhesions related to previous open resectional procedures for primary cancer. As shown in this and other series, 7, 13, 14, 27, 33, 34, 37 only limited liver resections or "réglée" left lateral segmentectomies can be safely performed through a laparoscopic approach. Despite hand-assisted performance, 31, 33, 34 and as illustrated by the occurrence of a major biliary complication in this series, the legitimacy of laparoscopic major hepatectomies 31,37 remains questionable. Indeed, when performed laparoscopically, tumor transgression and vascular injury during parenchymal transection are major concerns in these procedures. 33 Additionally, techniques of total vascular isolation of the liver in such procedures seem also questionably applicable during a totally laparoscopic approach.
However, in this selected group of patients, when the technique is appropriately performed by a surgical team expert in liver and laparoscopic surgery, the technique appears to be safe, with an acceptable complication rate. The most common perioperative complication was bleeding, as in the open approach, but obviously this complication was more difficult to control during laparoscopy, because 80% of procedures had to be converted to open surgery in this situation. Despite deleterious effects of pneumoperitoneum associated with the Pringle maneuver in animal models, 43, 44 the use of this combination in this series was well tolerated in five patients with an occlusion time varying from 15 to 50 minutes. However, portal triad clamping was used in this series for liver resections, namely segmentectomies and left lateral segmentectomy, for which it should not have been used during an open approach. Finally, the laparoscopic approach carries an increased risk of gas embolism compared with the open approach. 16, 25, 45, 46 Despite the absence of such potentially life-threatening complications in the present series, the use of gasless laparoscopy and cautious use of the argon beam coagulator to achieve hemostasis of the transection line is recommended by some authors. 6, 25, 26, 28, 44 Our data seem in contrast to the suggested benefits in other reports 32 regarding a better tolerance of selected patients with HCC when resection is performed laparoscopically or regarding widening of the surgical indications for resection. Indeed, despite a limited number of patients, resection of HCC was associated in this series with a higher incidence of perioperative bleeding, transfusions, postoperative complications, need for portal triad clamping, and conversion to an open approach. Until definitive information becomes available from experimental and centralized clinical studies, the role of laparoscopic resection of patients with HCC should be evaluated in expert centers with multidisciplinary hospital oncologic teams.
For patients with liver metastases, this series emphasizes the diagnostic and staging role of laparoscopic exploration. Indeed, in 33% of the patients, liver metastases were detected during another laparoscopic procedure. Again, the combined use of laparoscopic inspection, biopsy, and contact ultrasonography should be stressed. Despite improvements in imaging modalities, we believe that staging laparoscopy remains the best option to detect peritoneal implants or small superficial liver metastases. For this reason, explorative diagnostic laparoscopy should be suggested as the first step of any resection procedure for liver malignancies. 41, 42 Again, the role of complete perioperative staging during primary laparoscopic colonic resection should Vol. 236 • No. 1 emphasize the use of laparoscopic contact liver ultrasound, allowing in one patient of this series the association of radical colonic and liver resections.
Despite a limited number of patients undergoing surgery with a curative intent, this is the first time that some results concerning disease-free survival are reported in patients undergoing surgery for HCC or colorectal liver metastases. Because the number of patients and the duration of follow-up are still limited, our results cannot be compared with the results obtained by an open approach. However, the overall 1-and 2-year survival rates range between 68% and 80% and 55% and 68%, respectively, in large series of resected HCC on cirrhotic liver. [47] [48] [49] For patients with resected colorectal liver metastases, 39,50 -52 overall 1-and 2-year survival rates ranging between 89% and 93% and 62% and 73%, respectively, have been reported. In the series by Scheele et al, 50 the 2-year disease-free survival rate was around 52%. Thus, further evaluation on a greater number of patients should be undertaken in large clinical series before adopting laparoscopic management of liver malignancy as an acceptable tool.
In conclusion, despite a limited number of patients, this series shows that laparoscopic resection of liver malignancies is feasible, with an acceptable complications rate in selected patients and liver tumors. The procedure should be performed by surgical teams expert in hepatobiliary and laparoscopic surgery, with the same oncologic rules of open resectional therapy, including "no-touch" tumor technique, radical R 0 resection, and a free surgical margin. Laparoscopic ultrasound should be routinely used to achieve complete staging and an adequate margin. Because late diseasefree survival is the paramount criterion of evaluation in these patients, further evaluation is mandatory with a greater number of patients prospectively enrolled in strict evaluation studies conducted by centers expert in the management of patients with cancer.
